3
were raised using the recombinant protein purified from bacteria (Kopein and Katanaev, 2009 ); the antiserum was used at 1:100 for immunostaining. Specificity of this antiserum was confirmed by western blots on Drosophila head extracts, as well as by immunostaining of wing imaginal discs. Secondary antibodies were HRP labeled for western blots (1:4000) or Cy3-and Cy5-labeled in immunostaining (1:400 in PBT, 2h incubation at room temperature). The preparations were mounted in Vectashield (Vector Labs), dorsal side up.
Microscopy and analysis of NMJs
The well-characterized NMJs of muscle 6/7 in segment 2-4 were analyzed in all experiments.
Maximally, two segments per animal (e.g. segment A3 and A4, both in the same hemisphere, or both segments A3 in the two hemispheres) were analyzed. NMJs were imaged with a confocal microscope (Zeiss LSM 510 or Zeiss LSM710). For statistical analysis, one optical slice with a thickness of 2.3 µm was taken with a 20x or a 25x objective in the optical plane of each NMJ and the boutons were measured manually with the help of the program AxioVision 4.7 (Zeiss). A bouton was identified by the CD8-GFP-Sh, anti-Dlg and/or anti-HRP staining as a circular or slightly oval structure with clear borders, connected by neurites to the neighboring bouton; all these methods resulted in identical bouton quantifications. Type 1b boutons were distinguished from type Is by more intense anti-Dlg staining and their larger size (Packard et al., 2002) . Bouton number values are depicted as percentage of the respective control. The length of the NMJ was measured from the first to the last bouton along the synaptic cleft and all side branches on the muscle surface with more than three boutons were measured and added to the total length of the NMJ. The lengths of the NMJ slightly varied depending on the phenotype, in agreement with (Mathew et al., 2005) (Fig. S2E ).
To confirm that the OK371-Gal4/UAS-RNAi system was efficient to downregulate Gαo, Wg and Fz2, respective immunostainings of wild-type and RNAi-expressing NMJs were Development | Supplementary Material 4 performed in parallel. NMJs were imaged with a LSM710 (Zeiss) confocal microscope using identical settings for all images. Quantification of the fluorescence was performed with ImageJ (NIH). The presynaptic cell was outlined with the freehand selection tool following the borders of the staining and the mean value of the fluorescence of this area was measured with the measure tool. A noticeable downregulation in the levels of the respective proteins was achieved (Fig.   S1I ,M,O), and quantification revealed a ~50% decrease in anti-Gαo/Wg/Fz2 staining in the NMJ (Fig. S1J,N,P) . However, this is likely to be a gross underestimation of the efficiency of the RNAi-mediated downregulation: using a pan-neuronal driver (elav-Gal4), we find a comparable decrease in anti-Gαo immunostaining (Fig. S1K ), but in western blots on whole-head extracts of the control versus the RNAi-Gαo constructs, a dramatic decrease in Gαo levels could be seen (Fig. S1L) . Mouse anti-tubulin (Sigma, 1:2500) staining served as loading control.
Electrophysiology and muscle contraction
ChR2-mediated stimulation of synaptic potentials was performed as described (Schroll et al., 2006; Hornstein et al., 2009) . Larvae expressing ChR2 in motoneurons using the driver OK371-Gal4 were grown on standard corn food supplemented with 1 mM all-trans-retinal (Sigma) at 25°C in the dark. Wandering third instar larvae were dissected in cold Ca 2+ -free HL-3 saline (Zhang and Stewart, 2010) and washed three times in cold HL-3 supplemented with 1.5 mM CaCl 2 before performing the measurements in same buffer. Intracellular potentials were recorded in body wall muscles 6/7 using a pipette with a resistance of 15-30 MΩ when filled with 1 M KCl. To evoke single action potentials, animals were stimulated by a 20 ms light pulse of 470 nm using a high-power LED placed 10 cm from the larvae (light pulse triggered at 1.2V, Thorlabs)
controlled by Chart Master software (HEKA). Electrophysiological signals were pre-amplified (without filtering) using the LPF-8 signal conditioner (Warner Instruments) and the 50 Hz noise was reduced using the HumBug (Quest scientific) noise reducer. Finally, analog signals were Development | Supplementary Material measured using a KS-700 amplifier (World Precision Instruments) then digitized using LIH8+8
(HEKA). Data were acquired using the Chart Master software at a sampling frequency of 20 kHz.
The data were low-pass filtered at 2 kHz before analysis of EJPs and mEJPs with the Mini analysis program (Synaptosoft). The threshold for detection of peaks was set to 0.3 mV. For analysis only muscles with a resting potential more negative than -46 mV were used. Note that the optogenetic measurements used here and the traditional electrophysiological recordings produce identical EJP amplitudes when measured side-by-side (Pulver et al., 2011) (note also that, in this particular work, utilizing the same OK371-Gal4 driver as used by us, the EJP amplitude in the wild-type is measured as ~12.5 mV, very similar to our measurement of 11 mV;
see Fig. 1H ). Furthermore, when performing our own optogenetic measurements, we sometimes (rarely) observed non-stimulated, spontaneous action potentials which were of the same amplitude as the light-induced ones (such an example is shown on Fig. S1T ).
For the locomotion test, third instar larvae were placed on a 1% agarose plate and allowed to adjust for 1 min. The number of whole body contractions per minute was counted.
Yeast two-hybrid screen
Isoform II of Drosophila Gαo was used as the bait, and the cDNA library from Drosophila head was used as the prey in the screening custom-performed by Hybrigenics (Paris, France). Fifty four million clones were screened and analyzed as described (Kopein and Katanaev, 2009 ). The three clones of Ank2 representing partial open reading frames each had the high confidence interaction score ]biological significance score (Formstecher et al., 2005) ] (B, E-value < 1e-5).
The Gαo-interacting region in Ank2 was determined as described (Formstecher et al., 2005; Kopein and Katanaev, 2009 ).
Biochemistry
We amplified the first 12 ankyrin repeats of Ank2 from cDNA clone RE55168 (Drosophila Genomics Resource Center, EST collection) using primers 5'-GGGCATGCATGGCCCAGTTTGTGACC-3' and 5'-CCGGTACCGGCACTAATGCTGGCACC-3' and inserted the fragment into pMAL-c2x (New England Biolabs). The MBP-tagged protein was expressed in TOP10F' cells (Invitrogen).
Transformed cells were grown at 37°C until OD 600 = 0.7, cooled to 17°C before induction with 0.1 mM IPTG and subsequent growth overnight at 17°C, and then harvested by 15 min centrifugation at 4000 g. The pellet was resuspended in column buffer [20 mM 200 mM NaCl, 1 mM EDTA, 1 mM DTT, 1 mg/ml lysozyme, 1x Complete protease inhibitor cocktail (Roche)] and incubated on ice for 30-60 min before sonification lysis, followed by centrifugation for 30 min at 16,000 g to remove cell debris. The protein was bound to amylose resin (New England BioLabs) by incubation at 4°C for at least 1 h. The amylose beads were washed three times for 10-15 min with column buffer and the protein was eluted with 10 mM maltose in column buffer. Control MBP was prepared using the pMAL-c2x plasmid in parallel.
The Gαo[G203T] mutation was introduced by site mutagenesis using pQE32-Gαo (Kopein and Katanaev, 2009 ) as the template. The following primers were used: sense, AATTGTTTGACGTGACCGGTCAGCGCTC; antisense, GAGCGCTGACCGGTCACGTCAAACAATT. Recombinant Drosophila His 6 -Gαo was prepared and preloaded with 1 mM GDP or GTPγS as described (Kopein and Katanaev, 2009 );
His 6 -Gαo[G203T] was purified in parallel.
Pull-down assays
Thirty micrograms of His 6 -Gαo were incubated with a twofold molar excess of MBP or MBPAnk2_12 in HKB* buffer (100 mM KCl, 50 mM HEPES-KOH, 10 mM NaCl, 5 mM MgCl 2 , 2 mM EGTA, 1 mM DTT, 5% glycerol, 0.5% NP40, 0.1% Tween) at 17°C for 1.5 h, prior to addition to 100 µl 50% amylose resin slurry (New England BioLabs) pre-equilibrated with HKB* for an additional 1.5 h incubation at 17°C. The resin was washed four times with 1.5 ml HKB* for 15 min. The retained proteins were eluted by a 15 min incubation with 50 µl 10 mM maltose in HKB*. The proteins were resolved on 10% SDS-PAGE, electrotransferred to nitrocellulose membranes (Whatman) and detected by immunoblotting using rabbit anti-Gαo/i at 1:1000 (Merck). Equal loading was ensured by immunoblotting using rabbit anti-MBP antibodies at 1:4000 (New England Biolabs). For experiments with Gβγ, His6-Gαo was pre-incubated with the βγ dimer purified from porcine brains (Koval et al., 2010) for 45 min at room temperature before addition of equimolar amounts of MBP-Ank2_12 or MBP and incubation for an additional 1.5 h at 4°C. The pre-equilibrated resin was added to the proteins, incubated for 1.5 h and washed as described above. Proteins were eluted by addition of 5x sample buffer and boiling.
GTP-binding assay
Poorly hydrolysable fluorescent GTP analog Eu-GTP (PerkinElmer) was used in the GTPbinding assay with purified His 6 -tagged Drosophila Gαo and Gαo[G203T] as described (Koval et al., 2010) . The indicated (Fig. S2C ) concentrations of the proteins were incubated for 2 hours in the presence of 5 nM GTP-Eu in 1xHKB buffer (10 mM HEPES-NaOH, 135 mM KCl, 10 mM NaCl, 2 mM EGTA, pH 7.5) supplemented with 5 mM MgCl 2 . The reaction mixtures were subsequently transferred to AcroWell BioTrace NT 96-well plates (Pall), filtered using a vacuum manifold, and the membranes were washed twice with ice-cold washing buffer (20 mM Tris-HCl, 0.1 mM MgCl 2 , pH 8.0). Fluorescence of the label retained on the membranes was measured immediately in a Victor 3 multilabel counter (PerkinElmer) in TRF mode. All experimental points were measured in duplicate. Curve fitting was performed in Prism 5 software (GraphPad).
Cell culture
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Mouse neuroblastoma N2a cells were cultured in MEM supplemented with 10% FCS, Lglutamine and penicillin/streptomycin (all from Gibco, Life Technologies). Vector transfections were carried out with X-tremeGENE 9 (Roche) according to the manufacturer's instructions.
Permanent AnkB or AnkG depletion in N2a cells was obtained by shRNA interference using annealed primers inserted into the BamHI and HindIII sites of the pRetroSuper vector. Specific target sequences for murine AnkB and AnkG were previously described (Ayalon et al., 2008) .
Primers used for AnkB: 5′ sense strand, 5′-gatccccGAGTGGCCAACATCATATAttcaagagaTATATGATGTTGGCCACTCttttta-3′; and 3′
antisense strand, 5′-
agcttaaaaaGAGTGGCCAACATCATATAtctcttgaaTATATGATGTTGGCCACTCggg-3′. For
AnkG: 5′ sense strand, 5′-gatccccGGCAGACAGACGCCAGAGCttcaagagaGCTCTGGCGTCTGTCTGCCttttta-3′; and 3′
antisense strand, 5′-agcttaaaaaGGCAGACAGACGCCAGAGCtctcttgaaGCTCTGGCGTCTGTCTGCCggg-3′. A shluc vector expressing an shRNA against firefly luciferase was used as control. To generate stable lines, shRNA vectors were transfected into N2a cells and selection was performed in normal medium supplemented with 10 µg/ml puromycin. Downregulation of AnkB and AnkG expression was confirmed by standard RT-PCR methods using primers that recognize all ankyrin isoforms: ankB-For 5′-ACAGGTGATGGGGGAGAATAC-3′; ankB-Rev 5′-GAGTCCATTGTGTCTGCATCC-3′; ankG-For 5′-GCCTGCTCATAGGAAGAGGAA-3′;
ankG-Rev 5′-GTCATGACCTTGTTGCAGAGC-3′. Primers to detect expression of the ribosomal protein S12 gene were used as control: S12-For 5′-GGGGCTAGCGCCACCATGGCCGAGGAAGGCATTGC-3′; S12-Rev 5′-GGGAGATCTTCATTTCTTGCATTTGAAATAC-3′.
Neurite outgrowth assay
N2a cells were co-transfected for 24 h with pEGFP-C1 (Clontech) and pcDNA3.1+ (Invitrogen) or a plasmid encoding human Gαo (Missouri S&T cDNA Resource Center). Cells were trypsinized and seeded on poly-L-lysine-coated coverslips for an additional 24 h to allow neurite formation. Alternatively, cells were transfected with EGFP-tagged ankyrin-B or ankyrin-G vectors (Ayalon et al., 2008) or co-transfected with the Gαo plasmid and prepared as above.
Transient ankyrin double knockdowns were obtained by co-transfection of the shRNA-stably transfected N2a cell lines with the shRNA vectors shluc, shankB or shankG in addition to the plasmids described above. Ankyrin-independent neurite outgrowth was analyzed using an EGFPtagged MARK2 (PAR1b) plasmid (Nishimura et al., 2012) 
